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Abstract
An experimental study was conducted to evaluate the effect of 0.129 NaCN mg/l for 28 days on the behavior of tilapia and the
activities of adenosine triphosphatases enzyme (Na+/K+, Ca2+ and Mg2+-ATPase) within gill filaments, liver and muscles. Also, to
evaluate the stability of cyanide in stored, frozen fish tissues. The present results showed that the exposed fish had shown different
modes of behaviors. During the first 14 days, the fish lost its equilibrium with excessive mucous secretion on its gill filaments and
skin. On the other hand, tilapia showed a normal swimming behavior with no excessive mucus secretion at 21st and 28th days.
In addition, the present result showed that the NaCN decreased the activities of ATPase within the investigated tissues during the
exposure periods except for the 1st day. Furthermore, the present result showed that the mean concentration of cyanide gradually
decreased within the frozen tissues and completely disappeared after 48 h within frozen liver and muscle. But, it disappeared after
72 h within frozen blood and gills.
© 2014 National Water Research Center. Production and hosting by Elsevier B.V. All rights reserved.
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1.  Introduction
Catching fish by using toxic chemicals such as cyanide is considered illegal. However, it is usually employed to
stun and capture fishes alive from their natural habitat. After catching the fishes, they are transferred and stocked in
fresh water to recover and reduce the amount of cyanide since nearly 80% of all cyanide is converted to thiocyanate
anion (SCN−). Thiocyanate anion (SCN−) is produced by the main metabolic pathway for cyanide anion (CN−)
detoxification and then execrated in the urine “self depuration” (Rubec et al., 2002).
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Many studies showed that freshwater fishes are the most cyanide-sensitive group of aquatic organisms. Free cyanide
t concentration of >5 g/l can cause negative impact on the swimming and reproduction of fresh water fish. While,
t concentration of >20 g/l, the cyanide induces high fish mortality (Eisler and Wiemeyer, 2004; Hossein and Reza,
011). Cyanide exists in water in the form of free state (CN− and HCN), simple cyanide (e.g., NaCN), complex cyanide
nd total cyanide. Almost all cyanide persists in the undissociated form (HCN) in pH below 7. But at a pH value of
1, all of the cyanide appears as the free (CN) ion (Broderius et al., 1977). Toxicity of cyanide is primarily determined
y the concentration of undissociated HCN in the water column (even in case of simple cyanides and metal cyanide
omplexes). Hydrocyanic acid (HCN) is also more toxic than the free cyanide and the degree of its toxicity depends
n the solubility and the dissociation rate to form free cyanide (Sorokin et al., 2008).
Cyanide has low persistence in the aquatic environment and does not accumulate in or store within the tissue of fish
ecause of its rapid detoxification at sub-lethal doses and death at lethal doses. The toxicity of cyanide is attributed to
he presence of HCN derived from dissociation of the complexes that penetrate cell walls (Pablo et al., 1996) and cause
sh mortality (Prashanth et al., 2011). When the fish is subjected to direct contact with sodium cyanide, it shows some
ehavioral changes during its movement (Richmonds and Dutta, 1992; Shwetha and Hosetti, 2009). Such behaviors
an be used as biological indicators which provide a unique perspective linking the physiology and ecology of an
rganism and its environment (Dube and Hosetti, 2010). Few studies have been done to evaluate the effect of cyanide
n behavior of fish. One of those studies, showed that sodium cyanide has tremendous effect on the behavior of Clarias
ariepinus resulting from depression of the central nervous system which may be attributed to the combination of
actate acidosis with cytotoxic hypoxia (Khalid and Shahid, 2012).
Other studies have been done to evaluate the effect of the cyanide on the activity of adenosine triphosphate enzyme.
his complex enzyme plays a central role in the physiological process as energy transducers by coupling chemical
eaction (Takao, 1985; Carfagna et al., 1996). ATPases require Na+/K+, Mg2+ and Ca2+ ions for their activity and
leavage of ATP to ADP/AMP and inorganic phosphate with liberation of energy (Begum, 2011; Praveen et al., 2012).
he studies revealed that the reduction of ATPase may cause disturbances in cellular metabolism, leading to histotoxic
ypoxia in fish. Concerning the effect of cyanide, free cyanide ions can pass through the gill membranes but it can act
s a metabolic inhibitor that prevents re-synthesis of adenosine triphosphate (ATP) in the axon. So, cyanide is expected
o reduce the efflux of ions to a very low value (Unnisa and Devaraj, 2007). Therefore, the enzymatic activities can be
sed as physiological indicators to detect damages within different organs related to water contamination (Adamu and
loba, 2008).
The primary aim of this study is to evaluate the effect of sodium cyanide (NaCN) on the behavior of fresh water
sh, Nile tilapia, Oreochromis  niloticus  and on the activities of adenosine triphosphatases enzyme (Na+/K+, Ca2+ and
g2+-ATPase) within gills, liver and muscles. In addition the aim is also to evaluate the stability of cyanide in stored
rozen fish tissues.
.  Related  work
The concentration and rate of transformation of cyanide in tissues is dependent on the initial concentration in the
ample, storage time and the preservation method (e.g., addition of sodium fluoride to sample), storage condition (e.g.,
emperature) of the sample, types of cyanide compound and pH. There are no reports of cyanide biomagnifications or
ycling in living organisms, probably owing to its rapid detoxification (Hagelstein, 1997). So that the opinions were
ivided between those that believe that cyanide is quickly metabolized and excreted in a matter of hours (Bruckner and
oberts, 2008) and those that believe that cyanide is retained for longer time periods (Rubec et al., 2001). Upon the
ifferentiation between the previous opinions, the present laboratory work aimed to evaluate the stability of cyanide
oncentration in stored frozen tilapia tissues with time.
.  Methodology
To evaluate the effect of sodium cyanide (NaCN)–free cyanide on the fish, O.  niloticus, 1000 healthy fish weighing
0 ±  0.6 g each with an average length of 16 ±  0.3 cm were obtained from El-Qanater, Qalubiya Governorate, Egypt.
he fish were transported to the laboratory in a plastic ice-box containing oxygenated, de-chlorinated water. In the
aboratory, the fish were acclimated by keeping them in a tank with aerated water for about one month. The bioassay
est used dechlorinated tap water with physico-chemical characteristics as following: pH: 7.9 ±  0.05, temperature:
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Fig. 1. Determination of LC50 of sodium cyanide in Nile tilapia.
25 ±  0.03 ◦C, hardness 94.03 ±  1.83 mg/l as CaCO3, Na: 25.72 mg/l, K: 6.49 mg/l, Mg: 13.5 mg/l, F: 0.458 mg/l, Cl:
36.88 mg/l, NO3: 2.41 mg/l, SO4: 38.00 mg/l, dissolved oxygen: 6.9 ± 0.052 mg/l, and alkalinity 2.41 ±  0.18 meq/l.
These measurements were analyzed according to American Public Health Association (APHA, 2005). The fish were
fed once/day with a commercial diet (30% protein, fish meal, soya bean, bran, corn yellow and oil) at a rate of 2% of
the fish body weight (Sprague, 1969). The tank was cleaned daily and provided with clean water weekly to keep the
fish in healthy condition. After acclimation the following steps were carried out.
3.1.  Preparation  of  sodium  cyanide  stock  solution
NaCN is a hygroscopic crystalline powder with a faint acid-sodium generally soluble in water and slightly soluble in
alcohol. The aqueous solution of this chemical is strongly alkaline and rapidly decomposes. NaCN produces hydrogen
cyanide on contact with acids or acids salts.
The stock solution was prepared by dissolving NaCN (97% purity) in double distilled water in standard volumetric
flask. The required quantity of sodium cyanide was drawn directly from this stock solution using a micropipette. The
concentrations of test compounds used in short term definitive tests were between the highest concentrations at which
mortality was 100%, and the lowest concentration at which mortality was 0% in the range finding tests. The speciation
of CN− in water samples using Visual Minteq program (Gustafsson, 2012) indicated that 4.9% of cyanide was CN−
and 95% in the form of HCN. The activity of cyanide value was 2.3 × 10−7.
3.2.  Determination  of  LC50 of  cyanide  for  Nile  tilapia
Nine concentrations of cyanide (0.5, 0.48, 0.46, 0.44, 0.42, 0.387, 0.31, 0.21, and 0.1 mg/l) were prepared in 9 aquaria
(80 cm ×  40 cm ×  60 cm) containing 100 l of aerated dechlorinated tap water. In addition, one control aquarium was
prepared with only aerated dechlorinated tap water. Then, ten healthy fish were stocked in each aquarium. To keep the
concentration of cyanide constant in each aquarium, water that provided with its fixed dose was changed daily within
the period of the experiment (96 h). After 96 h from the exposure time, the percentage of fish mortality was calculated
in each aquarium according to probit analysis method (Finney, 1971).
This experiment was repeated twice and the average lethal concentration (LC50) value of cyanide was found to be
0.387 mg/l. Fig. 1 shows the percentage of fish mortality that are exposed to special concentration of cyanide in aquatic
environment following the linear equation (10x  + 10) with R2 = 1.3.3.  Determination  of  adenosine  triphosphatase  (ATPase)  activities
To study the effect of cyanide on the activity of adenosine triphosphatases within the liver, muscle and gills of O.
niloticus, 50 healthy fish were stocked in aquaria (10 fish/aquarium) and subjected to 1/3 LC50 of cyanide (0.129 mg/l)
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or a period of 1, 7, 14, 21 and 28 days. Similarly, 50 fish were stocked in 5 glass aquarium (10 fish/aquarium) containing
nly 100 l of aerated dechlorinated tap water and remained for the same period of time to act as a control. During the
xperiment, fish were fed on commercial diet (30% protein) at rate 2% of fish weight. In addition, fish were monitored
o record their behavioral changes.
After each exposure period of time, the fish was stunned on its head to prevent sensation. Blood was obtained
irectly from puncture of the heart of each fish. Each fish was then dissected to collect pieces of muscle, liver and gill
issues. The activity of total ATPase was measured as the rate of release of inorganic phosphate (Samson and Quin,
967). Gill, liver and muscle tissues homogenized in pre cold 0.32 m sucrose buffer pH 7.5 containing 1.0 mm EDTA
nd 10.0 mm imidazole using Potter-Elvehjem glass homogenizer with a Teflon piston, and then centrifuged. Each
ssay was formed from 25 l of the tissue sample homogenate and the supernatant was used to determine the enzyme
ctivities in treated cyanide fish tissues by determination of inorganic phosphate in the supernatant which liberated
uring the hydrolysis of the substrate adenosine triphosphate at 37 ◦C. The assay of inorganic phosphate was done
sing Lowry and Lopez (1946) method.
The detailed ATPases activities were recorded and subjected to Kruskal–Wallis one-way analysis to reveal the
ignificant differences within the gill filaments, the liver and muscles when they are compared with the control. The
ruskal–Wallis one-way analysis of variance by ranks is a non-parametric method for testing whether samples originate
rom the same distribution. It is used for comparing two or more samples that are independent.
.4.  Determination  of  cyanide  concentration  in  stored  treated  tilapia  tissues
To evaluate the possibility of cyanide to accumulate in or stored within the tissue of fish, 70 fish (10 fish/aquarium)
ere exposed to 0.129 mg/l NaCN for a period of 24 h. Then, they were sacrificed to collected blood sample. Then,
ach fish is dissected to collect pieces of gills, liver and muscles.
The samples were stored in refrigerator at −4 ◦C for a period of time 20 min, 1, 12, 24, 48, 72 and 96 h in order to
etermine the concentration of cyanide in each time.
The procedure of cyanide determination is outlined according to the standard operating procedures for cyanide
esting used by Philippines (CDT, 2001). The method was applied as following.
Approximately 10 g of fish sample was weighted and intended for distillation. The tissue was blended at high speed
or 3–5 min with 2 ml of normal dilute NaOH and brought it up to 500 ml using distilled water. Then 10 ml of 1 M
aOH solution was added to the absorber tube. Diluted with distilled water about 50 g of lead carbonate powder was
dded into the absorber tube to precipitate sulfide which can interfere with ISE-CN− reading. The absorber tube was
ttached to the vacuum and connected it to the condenser. The vacuum was turned on and the air flow adjusted to
pproximately 1–2 bubble/s entering the boiling flask through the air inlet tube. 20 ml of magnesium chloride solution
as added through the inlet tube (acted as catalyst) and about a minute later, 15 ml of sulfamic acid was added to
educe nitrite or nitrate which can act as interfering substances in the flask. The air inlet tube was rinsed with a few
illiliters of water and the air flow was allowed to mix the content of the flask for three minutes. Carefully 50 ml of
2SO4 was added then turned on the flow of cooling water to the reflux condenser. The solution was heated in the flask
o boiling. The sample was refluxed for one hour, then, turned off the heat, while maintaining the air flow for at least an
dditional 15 min. The absorption solution was transferred into the volumetric flask and diluted the later to 250 ml by
dding distilled water and mixed thoroughly. The concentration of cyanide was determined in the sodium hydroxide
olution by using cyanide ISE (the Ion Selective Electrode – Meter) connected to pH/ISE meter from Eq. (1):
Tissue sample cyanide level (mg/kg) = ISE Meter reading (mg) ×  250/1000
Weight of sample (kg) (1)
.  Results  and  discussions
The experimental results showed that sodium cyanide was highly toxic to O.  niloticus. The lethal concentration
96 h LC50) of sodium cyanide for fish was 0.387 mg/l. While at sub-lethal concentrations, the fish survived without
ny sign of fish mortality during the exposure periods.
Within the aquaria, the experimental results showed that when fish was subjected to 1/3 LC50 of cyanide (0.129 mg/l)
or a period of 28 days, the fish revealed different mode of behaviors. During the first 14 days, fish exhibited disrupted
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Gills Liver MusclesFig. 2. The mean concentration of Na+/K+ ATPase (mol Pi liberated/mg protein/h) within the gill filaments, liver and muscles of fish after 1, 7,
14, 21 and 28 days of exposure.
schooling behavior, appeared sluggish in their movement and swim independently in erratic mode near the bottom
at the corners of the aquarium. Also the present study showed that the cyanide induced excessive mucus secretion
on the gill filaments and the skin of fish. As the result of the excessive mucus secretion on the gill filaments, the
movement of the operculum increased to enlarge and lead to increase the breathing rate. It seems that the excessive
mucus secretion that covering the whole gill filaments and skin of the fish may act as defensive mechanism and barrier
that prevent the diffusion of the cyanide from water to fish body. Similarly, Prashanth et al. (2011), Prashanth and Patil
(2006) and Thorat (2001) mentioned that the secretion of mucus over the gills may be an adaptive response to provide
additional protection against corrosive nature of toxicant and its absorption by the general body surface; however it
may inhibit the diffusion of oxygen during the process of gaseous exchange. Also, the increase in opercula movement
and corresponding increase in frequency of surfacing of fish clearly indicates that fish adaptively shifts towards aerial
respiration to escape the toxic aquatic medium and ovoid cyanide contaminated media. Such unusual behavior was
detected among Labeo  rohita  fish due to obstructed functions of neurotransmitters.
On the other hand, the present results showed that when the fish was subjected to the same concentration for a longer
period of time (21–28 days), fish recovered and swim normally such as the control fish. Such behavior is strongly related
to the acceleration of compensatory mechanism that may occur in the activity of some enzymatic pathways to counteract
the deleterious action of cyanide as possible by increasing the enzymatic detoxification rate of cyanide. Similarly, Brian
et al. (2010) mentioned that the cyanide detoxification processes of fish seem to be very similar to those existing in
mammals. The detoxification is probably achieved through the action of the enzyme rhodanese, which, in the presence
of the thiosulfate, transforms cyanide into nontoxic thiocyanate.
For the activities of ATPase (mol Pi liberated/mg protein/h), the present results showed that when Nile tilapia was
subjected to the sub-lethal concentration of sodium cyanide, the mean concentrations of Na+/K+-ATPase within liver,
muscles and gills were significantly changed. Within the gill filaments of fish (Chi square = 27.003, df = 5, p = 0.05), the
mean concentration of Na+/K+-ATPase (mol Pi liberated/mg protein/h) increased from 13.51 ±  0.61 to 15.01 ±  0.37
during 24 h and then gradually decreased to 10.76 ±  0.62, 7.45 ±  0.41, 6.49 ±  0.74 and 6.12 ±  0.35 after 7, 14, 21 and
28 days, respectively as shown in Fig. 2 and Table 2. The same phenomenon occurred among liver (Chi square = 27.183,
df = 5, p  = 0.05) and muscles (Chi square = 27.452, df = 5, p  = 0.05). After 24 h, the mean concentrations of Na+/K+-
ATPase (mol Pi liberated/mg protein/h) increased from 11.15 ±  0.53 to 13.45 ±  0.54 mol Pi liberated/mg protein/h in
the liver and from 8.37 ±  0.57 to 10.02 ±  0.41 mol Pi liberated/mg protein/h in the muscles. However, they decreased
to 9.72 ±  0.46, 7.86 ±  0.69, 6.95 ±  0.75 and 5.44 ±  0.75 mol Pi liberated/mg protein/h in the liver, and 7.47 ±  0.67,
5.68 ±  0.49, 4.53 ±  0.46 and 4.00 ±  0.29 mol Pi liberated/mg protein/h in the muscles after 7, 14, 21 and 28 days of
exposure, respectively (Fig. 2). Based on these results, it is clear that fish is subjected to the stress of toxicant during the
exposure periods of time except for fish that exposed to the sub-lethal dose for only 24 h. This may relate to the activity
of muscles after exposure to cyanide stress (Besty, 2011). On the other hand, the inhibition of the Na+/K+-ATPase
activities after the first day of exposure periods might be due to osmoregulation (Parvez et al., 2006). So, it is expected
that the reduction of Na+/K+-ATPase may have a metabolic or ionic regulation when the fish is subjected to toxic
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Fig. 3. The mean concentration of Mg2+ ATPase (mol Pi liberated/mg protein/h) within the gill filaments, liver and muscles of fish after 1, 7, 14,
2
e
b
d
o
a
o
e
p
s
t
p
H
t
7
w
a
t
s
w
d
a
A
t
s
2
d
a
t
t
l
a1 and 28 days of exposure.
xposure. Coinciding with this, Begum (2011) revealed that the inhibition of this enzyme by cyanide exposure thus
uild up high ion concentrations in the extracellular spaces resulting in the obstruction of the movement of internal
estructive extra ions towards the external medium via the leakage junctions.
It was shown that when fish was subjected to the sub-lethal concentration of sodium cyanide, the mean concentrations
f Mg2+-ATPase (mol Pi liberated/mg protein/h) within the liver, muscles and gill filaments were significantly changed
s shown in Fig. 3. Within the gill filaments of fish (Chi square = 27.988, df = 5, p  = 0.05), the mean concentration
f Mg2+-ATPase (mol Pi liberated/mg protein/h) increased from 8.91 ±  0.05 to 9.65 ±  0.08 during the first day of
xposure, however it decreased gradually to 6.73 ±  0.13, 5.42 ±  0.06, 5.03 ±  0.21 and 4.32 ±  0.41 mol Pi liberated/mg
rotein/h after 7, 14, 21 and 28 days of exposure, respectively. Similarly, such behavior occurred among liver tissues (Chi
quare = 28.232, df = 5, p = 0.05) and the muscles (Chi square = 27.885, df = 5, p  = 0.05) when the fish was subjected to
he same dose. Within 24 h after the exposure time, the mean concentrations of Mg2+-ATPase (mol Pi liberated/mg
rotein/h) increased from 3.63 ±  0.22 to 5.83 ±  0.19 in the liver and from 2.14 ±  0.09 to 4.49 ±  0.10 in the muscles.
owever, they decreased to 2.52 ±  0.06, 1.92 ±  0.04, 1.64 ±  0.06 and 1.00 ±  0.04 mol Pi liberated/mg protein/h in
he liver and 1.24 ±  0.08, 0.91 ±  0.02, 0.88 ±  0.02 and 0.53 ±  0.02 mol Pi liberated/mg protein/h in the muscles after
, 14, 21 and 28 days of exposure, respectively (Fig. 3).
It is clear that Mg2+-ATPase has a unique role in energy synthesis through oxidative phosphorylation in mitochondria
ithin all types of cells (Seraj et al., 2010). As a result, Mg2+-ATPase can be taken as an index of general ATPase
ctivity (Shwetha and Hosetti, 2012). Also, it is clear that the decrease in the mean values of Mg2+-ATPase within
he gill filaments, liver and muscles of fish are highly related to the metabolic activity of fish when it is subjected to
ub-lethal concentration of sodium cyanide for a period of time.
As it is illustrated in Fig. 4, Ca2+-ATPase had the same behavior as the previous ATPases activities when the fish
as subjected to the same concentration of cyanide. The mean concentrations of Ca2+-ATPase revealed a significant
ifferences within the gill filaments (Chi square = 28.226, df = 5, p  = 0.05), liver (Chi square = 27.454, df = 5, p  = 0.05)
nd muscles (Chi square = 28.232, df = 5, p = 0.05). In the gill filaments of fish, the mean concentrations of Ca2+-
TPase increased from 8.13 ±  0.07 to 9.13 ±  0.25 within 24 h after the exposure time and then gradually decreased
o 7.18 ±  0.13, 6.51 ±  0.08, 5.39 ±  0.09 and 4.21 ±  0.13 after 7, 14, 21 and 28 days of exposure, respectively. The
ame observation was detected in both the liver and the muscles of fish since the level of Ca2+-ATPase increased after
4 h from 5.82 ±  0.57 to 7.35 ±  0.44 in the liver and from 4.77 ±  0.16 to 6.41 ±  0.25 in muscles. Then, it gradually
ecreased to 4.32 ±  0.43, 3.97 ±  0.31, 2.98 ±  0.24 and 2.02 ±  0.21 in liver and 3.47 ±  0.10, 2.75 ±  0.12, 1.96 ±  0.12
nd 1.24 ±  0.08 in the muscles after 7, 14, 21 and 28 days of exposure, respectively. Such a decrease is highly related
o the inhibition phosphorylation process. Similarly, Tiwari et al. (2002) and Unnisa and Devaraj (2007) showed that
he inhibition of Ca2+-ATPase activity may be due to the inhibition of phosphorylation and degradation of products of
ipid peroxidation of the enzyme molecule. Thus, ATPases are very sensitive to chemical interaction and can be used
s a reliable biomarker for the mechanistic toxicity studies of toxicant (Shwetha and Hosetti, 2012).
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Fig. 4. The mean concentration of Ca2+ ATPase (mol Pi liberated/mg protein/h) within the gill filaments, liver and muscles of fish after 1, 7, 14,
21 and 28 days of exposure.
Table 1
Mean concentration of cyanide (mg/kg) and its percentage (%) in stored frozen different tissues of tilapia in different times.
Time Gills Liver Muscles Blood
% Mean ± S.D. (mg/kg) % Mean ± S.D. (mg/kg) % Mean ± S.D. (mg/kg) % Mean ± S.D. (mg/kg)
Control 0 0.0 0 0.0 0 0.0 0% 0.0
20 min 89 0.115 ± 0.011 73 0.094 ± 0.04 83 0.107 ± 0.01 91.5 0.118 ± 0.05
1 h 83 0.107 ± 0.01 69 0.089 ± 0.03 72 0.093 ± 0.03 86 0.111 ± 0.02
12 h 79 0.102 ± 0.02 56.6 0.073 ± 0.01 56.6 0.073 ± 0.04 63.6 0.082 ± 0.02
24 h 68.9 0.089 ± 0.05 46.2 0.059 ± 0.02 43.7 0.056 ± 0.01 56.6 0.073 ± 0.03
48 h 44.8 0.058 ± 0.04 0.0 0.0 0.0 0.0 45.7 0.059 ± 0.03
72 h 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
96 h 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Concerning the stability of cyanide in stored frozen blood, gills, liver and muscles of O.  niloticus, the present
results listed in Table 1 showed that the mean concentrations of sodium cyanide and their percentage within the
tissue of fish decreased with the time of storing. Sodium cyanide remained within the tissues of fish but it gradually
decreased and completely disappeared from the liver and the muscles after 48 h and completely disappeared from both
the gill filaments and the blood after 72 h. Absorbed hydrogen cyanide and cyanides are distributed within the body
Table 2
The mean activities of Na+/K+, Mg2+ and Ca2+-ATPase (mol Pi liberated/mg protein/h) in stored frozen different tissues of tilapia in different
times.
Time Control 24 h 7 days 14 days 21 days 28 days
Na+/K+-ATPase (mol Pi liberated/mg protein/h) ± S.D.
Gills 13.51 ± 0.61 15.01 ± 0.37 10.76 ± 0.62 7.45 ± 0.41 6.49 ± 0.74 6.12 ± 0.35
Liver 11.15 ± 0.53 13.45 ± 0.54 9.72 ± 0.46 7.86 ± 0.69 6.95 ± 0.75 5.44 ± 0.75
Muscles 8.37 ± 0.57 10.02 ± 0.41 7.47 ± 0.67 5.68 ± 0.49 4.53 ± 0.46 4.00 ± 0.29
Mg2+-ATPase (mol Pi liberated/mg protein/h) ± S.D.
Gills 8.91 ± 0.05 9.65 ± 0.08 6.73 ± 0.13 5.42 ± 0.06 5.03 ± 0.21 4.32 ± 0.41
Liver 3.63 ± 0.22 5.83 ± 0.19 2.52 ± 0.06 1.92 ± 0.04 1.64 ± 0.06 1.00 ± 0.04
Muscles 2.14 ± 0.09 4.49 ± 0.10 1.24 ± 0.08 0.91 ± 0.02 0.88 ± 0.02 0.53 ± 0.02
Ca2+-ATPase (mol Pi liberated/mg protein/h) ± S.D.
Gills 8.13 ± 0.07 9.13 ± 0.25 7.18 ± 0.13 6.51 ± 0.08 5.39 ± 0.09 4.21 ± 0.13
Liver 5.82 ± 0.57 7.35 ± 0.44 4.32 ± 0.43 3.97 ± 0.31 2.98 ± 0.24 2.02 ± 0.21
Muscles 4.77 ± 0.16 6.41 ± 0.25 3.47 ± 0.10 2.75 ± 0.12 1.96 ± 0.12 1.24 ± 0.08
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y blood. Up to 80% of absorbed cyanides are metabolized to thiocyanate that execrated later in urine. Majority of
yanide metabolism occurs within the tissues. The major route of metabolism for hydrogen cyanide and cyanide is
etoxification in the liver by the mitochondrial enzyme rhodanese, which catalyses the transfer of the sulfane sulfur of
hiosulfate to the cyanide ion to form thiocyanate. Although rhodanese is present in the mitochondria of all tissues, the
pecies and tissue distributions of rhodanese are highly variable, the highest concentrations of rhodanese are found in
he liver, kidney, brain and muscles. The rate of spontaneous detoxification of cyanide in humans is about 1 g/kg body
eight per minute, which is considerably slower than animals (Aminlari et al., 1994; Brian et al., 2010). There was
o reason to believe that fish would be different from mammals since the cyanide is quickly metabolized in humans
Logue et al., 2010). There is no evidence that cyanide is bioaccumulated in humans, animals, or aquatic organisms
Smith and Mudder, 1994). There is no report of cyanide biomagnifications or cycling in living organisms, probably
wing to its rapid detoxification (Hagelstein, 1997). The concentration of cyanide present in the living fish over time
s dependent on several factors e.g., concentration of the cyanide solution used during exposure, the length of time of
he exposure, time for holding and duration of transport and the conversion rate of hydrogen cyanide (HCN) to SCN−
n blood (Leduc, 1984). The metabolism and excretion of SCN− from the fish may be related more to osmoregulation
han to temperature mediated enzyme kinetics. Freshwater fish have a higher blood ion concentration (hyper-osmotic)
n relation to the surrounding water, while marine fish have a lower blood ion concentration (hypo-osmotic) in relation
o seawater. Hence, freshwater fish have a high rate of urinary excretion and marine fish have a low rate of urinary
xcretion, which helps the fish to maintain osmotic equilibrium with surrounding aquatic environments (Smith, 1982).
esearch presented by Mak et al. (2005) suggested that CN− in solution associated with blended tissue samples
eclined to zero in about one hour; this may be due to the rapid taken up of cyanide in the blood by the fish’s organs
ncluding the liver, kidney, heart, spleen, and brain. Hence, the CN− may only be detectable in the blood of fish for a
ew hours with law storage ability (Brian et al., 2010).
.  Conclusion  and  future  work
The experimental study showed that cyanide is highly toxic and cause high mortality to the fish O.  niloticus.
hen the fish is subjected to sub-lethal concentration, cyanide induces alterations on the behavior and the metabolic
ctivity of fish. The metabolic activities of ATPase can be used as biomarkers for the mechanistic toxicity to detect
odium cyanide toxicity in water. Also, the present study showed that cyanide anion in the tissues of fish can readily
etabolize to thiocyanate (SCN−) with a half-life of approximately one hour. So, it is important to determine the
oncentration of cyanide in freshwater fish in the laboratory once the fish is immediately caught and transferred from
he contaminated area. More studies should be focused on the cyanide metabolism compounds and their half-time
n fish tissues. Developing an environmental law to criminalize of using cyanide for fishing is of utmost importance.
ncreasing the awareness of fishermen about the dangers of using cyanide for fishing that have a serious negative impact
n the fishery and fish production as well as the overall human health.
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